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> Former dry cleaning facility (1942-1977)

> PCE - >20 ppm in dissolved phase

> Lower concentration of TCE, DCE & VC

> Very low concentrations of ethene detected
> DNAPL possible in source area

> Plume Extends Eastward Toward SF Bay - ~1,000 Feet long, 300
feet wide, 30 feet deep
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_FORMER NAVAL STATION TREASURE ISLAND SITE VICINITY MAP

AN

Shaw shaw Environmental & Infrastructure, inc.

echnicallEorum - September 22, 2004



e = J

H ANN3AY

L

|
H
3

k) N = =
| |
—D
=} o
o o K
o =}
o>
| p—
p—
- — 1

[//

e
[= —
—=
n}
gy
L]
11
IE
—_

]

W JNNIAVY

Shaw" shaw Environmental & Infrastructure, inc.

} ﬂ[ b
8TH STREET s
8 L
il
(km%ﬂ_,_
LT
B
3|
. S
A.,.j"‘g .o
\ .
|
N e
}i _]
| gﬂl
A necd P A E
|
|
B
ﬁ
i

!
SAMN echnical Forum — September 22, 2004

NES

OISION M S

ARG






4.|'_—.-__¢

Rt

Site conditions indicate In Situ Bioremedlatlon could be
applicable remedial technology
— Ethene present
— Low ORP
— Permeable aquifer

e Conduct Bench Scale Test
e Determine presence of dechlorinating bacteria
(Dehalococcoides, sp)
e Evaluate biostimulation
e Evaluate bioaugmentation

e Conduct Field Test
e Evaluate Biostimulation
e Evaluate Bioaugmentation
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* Inject easily fermentable food
(food grade sodium lactate)
- Bacteria ferment lactate —

* to acetate and propionate

« to methane — carbon dioxide and water
 Fermentation generates hydrogen
- Bacteria use hydrogen to sequentially
dechlorinate PCE to non toxic end product
(ethene)
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Microcosm studies conducted to
determine biodegradation
capacity of indigenous and
cultured microorganisms
(Dehalococcoides sp, (DHC))
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BIOSTIMULATION INDIGENOUS CULTURE, Spiked PCE (13 pmoles

L

Conversion
to VC

Micro-moles

BIOAUGMENTATION SDC-9 CULTURE

Conversion
to ETHENE

Spiked PCE (13 pmoles)

Micro-moles

20 40 50
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e Three Recirculation Loops ( ~ 100 feet long)
e Extraction well
e Injection well
e 2 co-located shallow (20") and deep (30°) monitor well pairs
(15" & 40’ from IW)

e Groundwater recirculation - 3 to 4.5 gpm/Loop

e Two Biostimulation Loops
e Loop 3 — Lactate only
e Loop 1 — Low lactate (~1/4 Loop 2 & 3) + hydrogen gas

e One Bioaugmentation Loop
® | oop 2 — Lactate and SDC-9 culture

e Three Phases
e Phase 1 — Abiotic Recirculation ( Day 0 to 14)
e Phase 2 — Nutrient Injection (Day 14 to 44)
e Phase 3 — Biodegradation Monitoring (Day 44 to 180)
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"= Recirculation — Monitoring System Layout

Source
Area
@
]
@
Bldg 99
E -~

M @ Loop 3 Lactate Only
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Legend:

@ Extraction Well
O Injection Well
@D Performance Monitoring Wells

@ Perimeter Monitoring Well

|
50 Feet
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e Used SDC-9 culture ( Dehalococcoides sp) :

e Injected into IW2 and distributed in Loop 2

e Two injections — 60 liters of enriched
SDC-9 solution (108 cells/mL)

e Injection 1 — During tracer test & abiotic
recirculation phase (Phase 1)

e Injection 2 — During substrate (lactate)
injection phase (Phase 2)

e Monitored migration on-site using real-time ',' g
quantitative Polymerase Chain Reaction
(PCR) analysis

e Monitored DHC growth after recirculation
halted (Monitoring Phase - Phase 3)
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== DHC analysis by.real time PCR

e Developed from Anthrax
Remediation

e Analyzes organism (DHC) specific
DNA

e Analyses were performed on-site

and at Shaw Bioremediation
Laboratory

Fluorescence (F2)

Cycle Number
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HC CGf’lt:a;_tratloﬁ (cé'ij"s'/ “lTreatment Zone
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1,000,000 - 10,000,000
100,000 - 1,000,000
10,000 - 100,000

1,000 — 10,000 o ®
100 — 1,000 <10 <10
10 - 100
<10
— Not Aiaiyzed
Bioaugmentation Loop 2 - Lactate & Bioaugmentation
O Injection well O w2 ® ®
NA <10 <10
® ®
<10 <10
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DHC c?trauon(calgi‘“""__;ﬂTreatment Zone

1,000,000 - 10,000,000
100,000 - 1,000,000
10,000 - 100,000

1,000 — 10,000 O w1 O
100 - 1,000 NA 8660
10 - 100
<10
NA — Not Anaiyzed
Bioaugmentation
O Injection well O ™2 O O
NA NA
O 1ws O Q)
NA
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(@ Conee.gtratlon (cells/ml).injTreatment Zone
‘A-Zone — January, 2004 (Day 100)
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1,000 - 10,000 O ®
100 - 1,000
10 - 100
<10
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1,000,000 — 10,000,000
100,000 — 1,000,000
10,000 — 100,000
1,000 — 10,000

100 — 1,000

O 1wi1 10 - 100 ®

457,000 <10 <500

<50

<14.3
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DHC Coneentratmn (cells/ml) in Treatment Zone
- A-Zone —’March 2004 (Day 180)

1,000,000 - 10,000,000

100,000 - 1,000,000

10,000 - 100,000

1,000 - 10,000 O O
100 - 1,000 240,000

12,100 145,000
o quaugmentatlo?) IW2 o o
Injection well
LT 192,000
> 458,000 945,000

— -

O O

437,000 331,000
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iC Com;e;ltrai:,[on (cells/ml)jin Treatment Zone

| ‘B-Zone — March, 2004 (Day 180)
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100,000 - 1,000,000

10,000 - 100,000

1,000 - 10,000
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10 - 100
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Bioaugmentation

- O
Injection well © w2 >
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_~CHANGE IN VOC CONCENTRATION DURING MONITORING PHASE

MW3A-1 - VOCs - LACTATE ONLY —- Tetrachloroethene
200 &— Trichloroethene

A 1,2-Dichloroethene (total)
X Vinyl Chloride

—@— Ethene

—+—Total umol/L
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_~CHANGE IN VOC CONCENTRATION DURING MONITORING PHASE

VOCs LACTATE & HYDROGEN

200 = Tetrachloroethene
& Trichloroethene
A 1,2-Dichloroethene (total)
X Vinyl Chloride
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" ~CHANGE IN VOC CONCENTRATION DURING MONITORING PHASE

MW2A-1 - VOCs - LACTATE & BIOAUGMENTATION —B- Tetrachloroethene

450 O—Trichloroethene
A 1,2-Dichloroethene (total)
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25 to 30
20 to 25

15 to 20

10 to15
° O 1wi1 O @)

> to10 8.648
1to5 8.5 9.989

05to1
0.1 to 0.5
<0.1

O I1w3 O O
11.129 8.893 13.09.

10 feet
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25 to 30
20 to 25

15 to 20

10 to15 O 1w1 O @)

5 to 10 8.211

Lto5 8.500 7.429
0.5to1

0.1 to 0.5

<0.1

O 1wW3 @ O
697
11.129 8.69 6.393
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VOCs (mg/L) — A-Zone —March 2004, Day 180

25 to 30
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B 151020
[ ] 10to15
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25 to 30
20 to 25

15 to 20
10 to15
5to 10
1to5
0.5to1
0.1to 0.5
<0.1

O Iw3

6.415

‘March 2004, Day 180

9.063

0.501

0.821
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Added: .
sodium VOCs in Baker Tank

lactate,
bacteria, and
hydrogen
Achieved: —B— Tetrachloroethene
com plete o TrichI9roethene

g 3 A 1,2-Dichloroethene (fotal)
g?g}!grmatlon X Vinyl Chloride

@— Ethene
DHC —+— Methane
concentration
2.5 x10°
cells/mL

Approved for
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POTW
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on can increase biodegrada

jon can increase biodegradatiog_r rate

DHC can be effectively distributed through aquifer.
DHC population decreases upon depletion of VOCs.

In Situ bioremediation is an effective remedial technology for
dry cleaner sites.
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